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1
ENGINE IGNITION CONTROL APPARATUS

BACKGROUND

1. Field

Embodiments of the present invention relate to an engine
ignition control apparatus. More particularly, the invention
relates to an engine ignition control apparatus suitable, for
example, for improving the start-up performance of an engine
having an idle air control valve (IACV).

2. Description of the Related Art

A conventional engine control apparatus is provided with
an IACV on a bypass passage bypassing a throttle valve and
adjusts the amount of intake air during idle running by con-
trolling the opening degree of the IACV when the throttle
valve is fully closed. In the opening degree control of the
TACYV, the fully opened position of the IACV is learned at the
start-up of the engine, and the amount of air flowing through
the IACV is computed based on the fully opened position.

Accordingly, when the engine is started during the control
to learn the fully opened position (during full-open initial
processing), the amount of intake air becomes large, so that
the engine speed increases.

In this respect, Japanese Patent Application Publication
No. 2000-9008 proposes an IACV control apparatus that
performs ignition retard control in order to suppress the
increase in the engine speed, when the IACV is fully opened.
More specifically, this IACV control apparatus performs the
ignition retard control by selecting an ignition advance value
for feedback control to adjust the engine speed to a target
rotational speed, instead of selecting a normal ignition
advance value for the time when the throttle valve is fully
closed.

The conventional IACV control apparatus performs the
feedback control of the engine speed, and therefore needs to
set the retarded ignition timing by trial and error while check-
ing conditions of the actual vehicle. These conditions might
include an increase in the engine speed. Thus, the conven-
tional IACV control apparatus requires a long setting time.

In a case where the feedback control is implemented by
PID control, all the constants of the PID are determined
experimentally, so that a confirmation test needs to be con-
ducted several times. In addition, in a case where an advance
amount for each level of the engine speed is set by table
setting, a test for all the lattice points of the levels of engine
speed need to be previously conducted in order to set the
advance amount for each level of the engine speed.

SUMMARY

Embodiments of the present invention include an engine
ignition control apparatus that provides good start-up perfor-
mance by suppressing an increase in the engine speed while
avoiding the drawbacks of the aforementioned prior art.

One embodiment of the present invention includes an
engine ignition control apparatus in an engine control unit for
engine control including ignition timing control while an idle
air control valve (IACV) is controlled to reach a fully-opened
position in full-open initial processing. In the engine ignition
control apparatus, a period from when an ignition switch is
turned on until the opening degree of the IACV reaches a full
opening degree includes a period during which a normal
ignition timing is maintained, and thereafter a period during
which ignition timing correction is performed by switching
the normal ignition timing to a fixed ignition timing on a
retard side. The apparatus includes an ignition timing correc-
tion unit configured to calculate a proportional function for an
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ignition timing correction value with respect to the opening
degree when the opening degree of the IACV reaches the full
opening degree. Thereafter, the ignition timing correction
unit is configured to calculate the ignition timing correction
value by use of the proportional function in accordance with
a difference between an idling target opening degree and the
current opening degree, and to correct the ignition timing to
an advance side until the opening degree of the IACV reaches
the idling target opening degree.

In addition, in another embodiment, the period until the
opening degree of the IACV reaches the idling target opening
degree after reaching the full opening degree includes a
period during which the ignition timing correction value is
restored to an initial value by changing the ignition timing
correction value to the advance side by a predetermined
amount in a stepwise manner, subsequently after the period
during which the ignition timing is corrected to the advance
side in accordance with the difference between the opening
degrees.

Moreover, another aspect of the present invention includes
determining the normal ignition timing d on the basis of an
engine speed, an intake negative pressure value, and an
engine coolant temperature.

Furthermore, in another embodiment, the opening degree
of'the IACV is determined by the number of steps supplied to
a stepper motor for driving an IACV body.

Other embodiments of the invention include a method for
ignition control. The method includes calculating a propor-
tional function for an ignition timing correction value with
respect to when an opening degree of the IACV reaches the
full opening degree, and also calculating the ignition timing
correction value by use of the proportional function in accor-
dance with a difference between an idling target opening
degree and a current opening degree. The method then
includes correcting the ignition timing to an advance side
until the opening degree of the IACV reaches the idling target
opening degree.

Embodiments of the invention also include an engine igni-
tion control apparatus. The apparatus includes a calculating
unit configured to calculate a proportional function for an
ignition timing correction value with respect to when an
opening degree of the IACV reaches the full opening degree.
The apparatus may also include a calculating unit configured
to calculate the ignition timing correction value by use of the
proportional function in accordance with a difference
between an idling target opening degree and a current open-
ing degree. The apparatus may further include a correcting
unit configured to correct the ignition timing to an advance
side until the opening degree of the IACV reaches the idling
target opening degree.

According to embodiments of the present invention, it is
possible to prevent an over lean condition due to an increase
in the engine speed. The occurrence of the over lean condition
is prevented by feed forward control in which, in accordance
with the difference between the idling target opening degree
and the current opening degree, the ignition timing is restored
to the advance side gradually from the state where the JACV
is fully opened. Furthermore, the prior setting of the ignition
timing becomes unnecessary, since the prior setting is con-
ventionally performed while an increase in the engine speed
is checked using an actual vehicle. Accordingly, drawbacks
associated with the setting is eliminated. Thus, reduction in
the number of processes to a large extent is achievable.

In addition, according to certain embodiments, a fluctua-
tion in the engine speed is suppressed. The fluctuation gen-
erally occurring during a period from when the opening
degree of the JACV changes to a fully opened state for the
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initialization of the IACV until the opening degree of the
TIACV changes to the idling target opening degree. Thereby,
the engine speed can be smoothly moved to the idling rota-
tion. Furthermore, even in a case where the valve position of
the TACV changes over time, the number of steps of the
stepper motor also changes in accordance with this change, so
that the best ignition timing control can always be performed.

The normal ignition timing determined on the basis of the
engine speed, the intake pressure, or other factors, is main-
tained immediately after the ignition switch is turned on.
Thus, the start-up performance improves as compared with
the prior art in which the ignition timing is retarded immedi-
ately after the ignition switch is turned on.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing functions of an ignition
control apparatus according to an embodiment of the present
invention.

FIG. 2 is a system configuration diagram of an engine on
which an example of the ignition control apparatus is
installed.

FIG. 3 is an operation timing chart of the ignition control
apparatus according to one embodiment.

FIG. 4 is a graph showing an example of a proportional
function of a difference in the number of steps and an ignition
timing correction value.

FIG. 5 is a flowchart according to an ignition timing cal-
culation immediately after start-up.

FIG. 6 is a flowchart according to an ignition timing execu-
tion setting.

FIG. 7 is an operation timing chart of the ignition control
apparatus according to an embodiment.

FIG. 8 is an operation timing chart of the ignition control
apparatus according to one embodiment.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present invention will be
described with reference to the accompanying drawings. FI1G.
2 is an engine start-up control apparatus according to an
embodiment of the present invention. An engine 1 is a driving
source of amotorcycle, for example. The engine 1 is provided
with an intake pipe 2 and an exhaust pipe 3. In one embodi-
ment, the intake pipe 2 is provided with a throttle valve 4, a
bypass passage 5 and an IACV 6. The bypass passage 5
bypasses the throttle valve 4 and is connected to the intake
pipe 2 at both sides of the throttle valve 4. The IACV 6 opens
and closes the bypass passage 5. A fuel injection valve 7 is
provided on the intake pipe 2 and between the engine 1 and
the throttle valve 4. A spark plug 8 is provided in a combustion
chamber of the engine 1.

The throttle valve 4 can rotate in accordance with a rotation
operation of'a throttle grip of the motorcycle. A throttle sensor
(TH sensor) 9 detects the amount of rotation (throttle opening
degree). The engine 1 is provided with an engine speed sensor
(Ne sensor) 10 and a water temperature sensor (TW sensor)
11. The engine speed sensor 10 detects the engine speed on
the basis of a rotational speed of an unillustrated crankshaft.
The water temperature sensor 11 detects an engine coolant
temperature. A PB sensor 12 that detects an intake negative
pressure is provided to the intake pipe 2. An O2 sensor 13 that
detects an oxygen density in the exhaust is provided to the
exhaust pipe 3.

In addition, an ignition switch 14 that causes the spark plug
8 to ignite and thereby to start the engine 1 is provided. The
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ignition switch 14, in one embodiment, is generally disposed
near a handle grip when used for a motorcycle.

According to certain embodiments, detection signals from
the throttle sensor 9, the water temperature sensor 11, the PB
sensor 12 and the O2 sensor 13, and an engine start signal
from the ignition switch 14, are inputted to an engine control
unit (ECU) 15 having a microcomputer (CPU). The ECU 15
computes the opening degree of the IACV 6, the ignition
timing, and the amount of fuel injection on the basis of the
inputted detection signals. The ECU 16 then inputs the com-
puted opening degree of the IACV 6, ignition timing, and
amount of fuel injection, to the IACV 6, the spark plug 8 and
the fuel injection valve 7, respectively.

The IACV 6 can include a stepper motor 16 and a control
valve body 17 that opens and closes the bypass passage 5 by
the stepper motor 16. In one embodiment, the opening degree
of the control valve body 17 is controlled by the number of
steps supplied to the stepper motor 16 from the ECU 15. In
this manner, the amount of air flowing in the engine 1 via the
bypass passage 5 at the time of an idling operation is deter-
mined. Thereby, the idling rotational speed is controlled.

FIG. 3 is an operation timing chart of the ignition control
apparatus according to one embodiment. In the example of
FIG. 3, when the ignition switch 14 is turned on at a timing to,
power is supplied from an unillustrated battery, and then the
TIACV 6 is driven in a direction to a fully opened state. At this
time, the ignition timing is set to a normal ignition timing that
corresponds to a predetermined amount of advance. The nor-
mal ignition timing is a value set in a map with the engine
speed Ne and an intake negative pressure PB as the param-
eters. In this embodiment, an ignition timing correction value
is added to the opening degree of the normal ignition timing
immediately after the start of the engine. Ignition is per-
formed in accordance with the normal ignition timing with
the ignition timing correction value is set to the initial value
“0” for a predetermined period of time after cranking starts.

At a timing t1, the cranking starts at a predetermined rota-
tional speed. At a timing t2 at which the normal ignition
timing is computed a predetermined number of times after the
cranking starts, an ignition timing correction value is added to
the normal ignition timing. Here, the ignition timing correc-
tion value is a fixed value and can be set to any value within a
range of —45° to 0°. Specifically, in one embodiment, the
ignition timing is corrected to be a value on the retard side
from the normal ignition timing. As described, the ignition
timing is kept at the normal ignition timing during an unstable
period immediately after the start of the cranking. Then, the
normal ignition timing is corrected to be a value on the retard
side at the timing t2 where it is considered that the engine 1
has rotated a predetermined number of times and thus become
stable.

Conventionally, the ignition timing is retarded from the
timing to. However, in this embodiment, the ignition timing is
set at the normal ignition timing during cranking, so that more
favorable start-up performance can be obtained.

When the IACV 6 is fully opened at a timing t3, the ignition
timing is moved to the retard side once (up to —45°, for
example), and then is restored to the advance side gradually.
In one embodiment, the rate at which the ignition timing is
restored to the advance side is determined proportionally
based on a difference between the opening degree of the
TIACV 6 in accordance with the idling rotational speed (the
number of idling target steps of the motor 16) and the current
opening degree of the IACV 6 (the current number of steps of
the motor 16). That is, a distance from the current number of
steps to the number of target steps.
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At the point where the control valve body 17 of the IACV
6 moves from the fully closed state to the fully opened state,
a computation for initialization of the IACV 6 is performed.
This computation ends at a timing t4, and the initialization of
the IACV 6 ends. From this timing, the ignition timing is
corrected to be a value on the advance side by a predetermined
proportion in a stepwise manner. At a timing t5 where the
ignition timing correction value is restored to the initial value,
the processing to correct the ignition timing to a value on the
advance side ends. Then, the operation is moved to the idling
rotation state, and a normal ignition timing computation
based on the engine speed Ne and the intake negative pressure
PB is started.

FIG. 4 is a graph showing a proportional function indicat-
ing the relationship between a difference in the number of
steps and the amount of ignition retard, according to one
embodiment. In the example illustrated in FIG. 4, the hori-
zontal axis indicates the number of steps (the difference in the
number of steps from zero) provided to the motor, and the
vertical axis indicates the ignition timing correction value. As
illustrated, the relationship between the two values are set to
show a tendency that the larger the difference in the number of
steps, the larger the ignition timing correction value. Accord-
ingly, as the IACV 6 closes toward the number of idling target
steps from the fully opened state, the ignition timing is cor-
rected such that the amount of retard gradually becomes
small.

As shown by a line L, the relationship between the differ-
ence in the number of steps and the amount of ignition retard
is such that the amount of ignition retard proportionally
changes with respect to the difference in the number of steps.
The ignition timing correction value of the fully opened state
corresponding to the number of full steps at the time of the
fully opened state, which is set at the time of beginning of
usage, is previously determined. However, the number of full
steps at the time of the fully opened state changes due to a
change over time. Accordingly, in one embodiment, the igni-
tion timing correction value of the fully opened state corre-
sponding to the change is calculated by linear interpolation
each time the engine is started, and thereby the line L. as the
proportional function is determined.

When the opening degree of the IACV 6 changes from the
fully opened position in a closing direction, the current igni-
tion timing correction value in accordance with the number of
steps (difference in the number of steps) until the target open-
ing degree at this point is calculated, in accordance with the
function indicated by the line L. For example, a current igni-
tion timing correction value A corresponding to a current
number of steps B can be calculated.

FIG. 5 is an exemplary flowchart of the ignition timing
calculation immediately after the engine is started. In step S1,
whether cranking has started is determined. This determina-
tion can be made by finding out whether or not the engine
speed reaches a predetermined cranking rotational speed after
the ignition switch 14 is turned on. Until the cranking is
started, the process proceeds to step S2 and sets the initial
value as the ignition timing correction value immediately
after the start of the engine. The initial value is “0” in this
example.

When the cranking is started, the process proceeds from
step S1 to step S3 and increments a counter value C1 used for
counting the number of the ignition timing calculations. In
step S4, it is determined whether the counter value C1 is less
than a specified number of times Clref. The process proceeds
to step S2 until the number of ignition timing calculations
becomes equal to or greater than the specified number of
times Clref. Then, when the number of ignition timing cal-
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6

culations becomes equal to or greater than the specified num-
ber of times Clref, the process proceeds to step S5 and deter-
mines whether the ignition timing immediately after the start
of the engine is executable (details will be provided below
with reference to FIG. 6).

In step S6, when the ignition timing immediately after the
start of the engine is not executable as a result of the deter-
mination of whether the ignition timing immediately after the
start of the engine is executable, the process proceeds to step
S2. When the ignition timing immediately after the start of the
engine is executable, the process proceeds to step S7. In step
S7, it is determined whether the IACV 6 is fully opened, that
is, whether the control valve body 17 reaches the limitation of
the fully opened side of stroke. Until the IACV 6 is fully
opened, the process proceeds from step S7 to step S8, and sets
a predetermined fixed value as the ignition timing correction
value. This fixed value is a value at least closer to the retard
side than the initial value, and, for example, can be set to a
value between -45° to 0° as described above.

When the TACV 6 is fully opened, the process proceeds to
step S9 where the ignition timing correction value of the fully
opened state corresponding to the number of steps at the time
of the fully opened state is calculated. Additionally, the
straight line L (proportional function), which is the function
of the opening degree of the IACV 6, and the ignition timing
correction value are calculated.

In step S10, the ignition timing correction value is changed
from the current value to the retard side once by a predeter-
mined amount. The maximum of the predetermined amount
of retard in one example is —45°. In step S11, it is determined
whether initialization of the IACV 6 is completed. Until the
initialization of the IACV 6 is completed, the process pro-
ceeds to step S12. In step S12, a difference (difference in the
number of steps) between the idling target position of the
control valve body 17 of the IACV 6 (that is, the number of
idling target steps of the motor 16) and the current position of
the control valve body 17 of the IACV 6 (that is, the number
of'steps of the motor 16) is calculated. When the difference in
the number of steps is calculated, the process proceeds to step
S13, and the ignition timing correction value is calculated by
using the function shown by the straight line L. in FIG. 4 on the
basis of the calculated number of steps.

When the initialization of the IACV 6 is completed, the
process proceeds from step S11 to S14, and a predetermined
value is added for changing the ignition timing in the advance
direction in a stepwise manner. In step S15, it is determined
whether the ignition timing correction value is restored to the
initial value. When the ignition timing correction value is
restored to the initial value, the process proceeds to step S16
where the ignition timing correction value is set to the initial
value.

FIG. 6 is an exemplary flowchart of the process to deter-
mine whether the ignition timing immediately after the start
of the engine is executable. In step S51, a temperature
detected by the water temperature sensor 11 is read, and then
set to an engine coolant temperature TW. In step S52, it is
determined whether the engine coolant temperature TW
detected by the water temperature sensor 11 is equal to or less
than a determination coolant temperature TW1. When the
engine coolant temperature TW is equal to or less than the
determination coolant temperature TW1, the process pro-
ceeds to step S53, and “0” is set to an ignition timing control-
lable flag.

When the engine coolant temperature TW is greater than
the determination coolant temperature TW1, the process pro-
ceeds to step S54 where an opening degree detected by the
throttle sensor 9 is read and then set to a throttle opening
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degree value TH. In step S55, it is determined whether the
throttle opening degree value TH detected by the throttle
sensor 9 is equal to or greater than a determination opening
degree value TH1. When the throttle opening degree value TH
detected by the throttle sensor 9 is greater than the determi-
nation opening degree value TH1, the process proceeds to
step S53. When the throttle opening degree value TH detected
by the throttle sensor 9 is less than the determination opening
degree value TH1, the process proceeds to step S56, and “1”
is set to the ignition timing controllable flag.

As described above, in one embodiment, when the engine
coolant temperature is higher than a predetermined value and
the throttle opening degree value is smaller than a predeter-
mined opening degree, the ignition timing is determined to be
controllable.

FIG. 1 is a block diagram showing certain functions of the
ECU 15, according to one embodiment. In the example of
FIG. 1,anIACV controller 18 is configured to drive the motor
16 until the control valve body 17 of the IACV 6 reaches the
fully opened position. The IACV controller 18 can also be
configured to initialize the position of the control valve body
17 of'the IACV 6 on the basis of the fully opened position. The
TIACV controller 18 also may be configured to drive the motor
16 in a direction to close the control valve body 17 until the
idling target opening degree (the number of steps supplied to
the motor) after the control valve body 17 of the IACV 6
reaches the fully opened position. Further, the TACV control-
ler 18 may determine the IACV opening degree (the number
of'idling target steps) in accordance with the idling rotational
speed, and calculate the difference in the number of steps (the
number of idling target steps—the current number of steps).
The IACV controller 18 supplies the difference in the number
of steps to an ignition timing correction unit 19. The IACV
controller 18 can further output a shift completion signal
when the moving (shift) of the IACV 6 to the fully opened
position is completed, and output an initialization completion
signal for the IACV 6.

According to certain embodiments, a cranking start detec-
tor 20 detects that the engine speed is a predetermined rota-
tional speed or higher, and then outputs a cranking start detec-
tion signal. An ignition timing calculation counter 21 outputs
a completion signal indicative of when the ignition timing is
calculated a specified number oftimes from the start of crank-
ing.

An ignition timing arithmetic unit 22 computes an ignition
timing (advance value) at the time of normal operation. This
can be done by adding a correction amount based on the
coolant temperature TW to a map search value based on the
engine speed Ne and the intake negative pressure PB.

The ignition timing correction unit 19 outputs, in response
to the completion signal of a specified number of times of
calculations, a retard correction value that causes the ignition
timing to retard by a predetermined amount. In addition,
according to some embodiments, the ignition timing correc-
tion unit 19 calculates, in response to the shift completion
signal, an advance value. The advance value is calculated
based on the difference in the number of steps provided from
the TACV controller 18 as the ignition timing correction
value. The ignition timing correction unit 19 supplies the
advance value to an addition unit 23. Moreover, the ignition
timing correction unit 19 outputs, in response to the initial-
ization completion signal, an advance correction value
increased by a predetermined amount for each predetermined
period of time.

In some embodiments, the addition unit 23 adds the igni-
tion timing correction value inputted from the ignition timing
correction unit 19 to the ignition timing supplied from the
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8

ignition timing arithmetic unit 22. The addition unit 23 sup-
plies the result of the addition to an ignition device 24. The
ignition device 24 applies an ignition voltage to the spark plug
8 in accordance with the supplied ignition timing.

Next, a description will be given of a technique to deter-
mine the number of idling target steps, according to one
embodiment. The relationship of the opening degree of the
TIACV 6 (the position of the motor 16) and the amount of air
flowing through the IACV 6 can be found out in advance as a
design value. Moreover, a fluctuation in the engine speed can
be suppressed by changing the ignition timing. It is generally
known that the engine speed changes by 100 rpm when the
amount of retard changes by 1°. Accordingly, the amount of
air flowing through the IACV 6 can be calculated from the
difference between the number of target steps of the IACV 6
and the number of current steps. Furthermore, the engine
speed Ne can be estimated from the amount of air.

For example, suppose that the idling rotational speed is set
at 1200 rpm, and the amount of air corresponding to 100 rpm
at this time is 0.84 grams/second according to the design
value. The number of steps corresponding to this amount of
air, 0.84 grams/second, is as follows: 1200 (rpm)/0.84
(grams/second)/100 (rpm/1°)=14.3°/(grams/second).

Meanwhile, the amount of air at the time when the IACV 6
is shifted to a fully opened position and the opening degree
(the number of steps) corresponds to the amount of air, are
2.22 grams/second and 240 steps, respectively.

Thus, the difference between the number of idling target
steps and the number of steps at the fully opened state is 143
steps and the amount of air is 1.38 grams/second. Accord-
ingly, the table (refer to FI1G. 4) of the ignition timing correc-
tion value for the difference in the number of steps may be set
so that the correction value in the retard direction can be 20°
when the number of steps is 143, and the correction value at
the time when the difference in the number of steps is “0” is
set to “0” (14.3x1.38=20).

Note that, although FIG. 3 shows the example in which
cranking is started immediately after the control valve body
17 of the IACV 6 is started to be driven toward the fully
opened position, the period of time from the start-up opera-
tion by the starter switch 14 to the cranking start timing varies.
In this respect, a variation of the cranking start timing is
shown. FIG. 7 is an example timing chart of a case where the
cranking start timing is immediately before the IACV 6 is
fully opened. As shown in the timing chart, if the cranking
start timing delays, and the specified number of the ignition
timing calculations ends after the IACV 6 is fully opened, a
retard correction of a normal ignition timing by a fixed value
is not performed between the timings t2 and t3 shown in FIG.
4. In this case, upon end of the specified number of the
ignition timing calculations, restoration of the ignition timing
correction value based on the difference in the number of
steps is started immediately after correction toward the retard
side is made once at the timing 2. The timing of the comple-
tion of the initialization does not change from the timing
shown in FIG. 4, so that the change in a stepwise manner
between the timings t4 and t5 is performed in the same man-
ner.

FIG. 8 is one example of a timing chart of a case where the
specified number of ignition timing calculations ends after
the completion of the initialization of the JACV 6. When the
cranking delays to a large extent as described, the control
valve body 17 of the IACV 6 is closed until the number of
steps becomes near the idling target value, so that correction
of'the ignition timing is not necessary and does not need to be
performed.
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In this embodiment, correction is performed by advancing
the ignition timing in accordance with the difference in the
number of steps until the completion of initialization after the
TIACV 6 is fully opened. Moreover, the ignition timing cor-
rection value is restored to the advance side by a predeter-
mined amount in a stepwise manner after the completion of
the initialization. However, the present invention is not lim-
ited to this case. The advance correction operation may be
continued by changing the ignition timing correction value to
the advance side in accordance with the difference in the
number of steps until the ignition timing correction value
returns to the initial value “0” even after the completion of the
initialization.

DESCRIPTION OF REFERENCE NUMERALS

1 ENGINE
2 INTAKE PIPE
4 THROTTLE VALVE
5 BYPASS PASSAGE
6 IACV
7 FUEL INJECTION VALVE
8 SPARK PLUG
9 THROTTLE SENSOR
10 ENGINE SPEED SENSOR
11 WATER TEMPERATURE SENSOR
12 PB SENSOR
14 STARTER SWITCH
15 ECU
16 STEPPER MOTOR
17 IACV CONTROL VALVE BODY
18 IACV CONTROLLER
19 IGNITION TIMING CORRECTION UNIT
20 CRANKING START DETECTOR
21 IGNITION TIMING CALCULATION COUNTER
22 IGNITION TIMING ARITHMETIC UNIT
23 ADDITION UNIT
We claim:
1. An engine ignition control apparatus, comprising:
an ignition timing correction unit,
the engine ignition control apparatus configured to control
an idle air control valve (IACV), provided to a bypass
passage bypassing a throttle valve, to reach a fully-
opened position in full-open initial processing,
wherein a first period from when an ignition switch is
turned on until the opening degree of the IACV reaches
a full opening degree includes a period during which a
normal ignition timing is maintained, and thereafter a
second period during which ignition timing correction is
performed by switching the normal ignition timing to a
fixed ignition timing on a retard side,
the ignition timing correction unit configured to
calculate a proportional function for an ignition timing
correction value with respect to the opening degree
when the opening degree of the IACV reaches the full
opening degree;
calculate the ignition timing correction value by use of the
proportional function in accordance with a difference
between an idling target opening degree and the current
opening degree; and
correct the ignition timing to an advance side until the
opening degree of the IACV reaches the idling target
opening degree.
2. The engine ignition control apparatus according to claim
1, wherein the period until the opening degree of the IACV
reaches the idling target opening degree after reaching the full
opening degree includes: a period during which the ignition
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timing correction value is restored to an initial value by
changing the ignition timing correction value to the advance
side by a predetermined amount in a stepwise manner after
the period during which the ignition timing is corrected to the
advance side in accordance with the difference between the
opening degrees.

3. The engine ignition control apparatus according to claim
1, wherein the normal ignition timing is determined on the
basis of an engine speed, an intake negative pressure value
and an engine coolant temperature.

4. The engine ignition control apparatus according to claim
1, wherein the opening degree of the IACV is determined by
the number of steps supplied to a stepper motor configured to
drive an IACV body.

5. A method, comprising:

calculating, by an ignition timing correction unit, a propor-
tional function for an ignition timing correction value
with respect to when an opening degree of an idle air
control valve (IACV) reaches the full opening degree;

calculating, by the ignition timing correction unit, the igni-
tion timing correction value by use of the proportional
function in accordance with a difference between an
idling target opening degree and a current opening
degree; and

correcting, by the ignition timing correction unit, the igni-
tion timing to an advance side until the opening degree
of the IACYV reaches the idling target opening degree.

6. The method according to claim 5, wherein the period
until the opening degree of the IACV reaches the idling target
opening degree after reaching the full opening degree
includes: a period during which the ignition timing correction
value is restored to an initial value by changing the ignition
timing correction value to the advance side by a predeter-
mined amount in a stepwise manner after the period during
which the ignition timing is corrected to the advance side in
accordance with the difference between the opening degrees.

7. The method according to claim 5, further comprising
determining the normal ignition timing on the basis of an
engine speed, an intake negative pressure value and an engine
coolant temperature.

8. The method according to claim 5, further comprising
determining the opening degree of the IACV by a number of
steps supplied to a stepper motor configured to drive an IACV
body.

9. An apparatus, comprising:

an engine controller comprising:

calculating means for calculating a proportional function
for an ignition timing correction value with respect to
when an opening degree of an idle air control valve
(IACV) reaches the full opening degree;

calculating means for calculating the ignition timing cor-
rection value by use of the proportional function in
accordance with a difference between an idling target
opening degree and a current opening degree; and

correcting means for correcting the ignition timing to an
advance side until the opening degree of the TACV
reaches the idling target opening degree.

10. An engine ignition control apparatus, comprising:

a calculating unit configured to calculate a proportional
function for an ignition timing correction value with
respect to when an opening degree of an idle air control
valve (IACV) reaches the full opening degree;

a calculating unit configured to calculate the ignition tim-
ing correction value by use of the proportional function
in accordance with a difference between an idling target
opening degree and a current opening degree; and
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acorrecting unit configured to correct the ignition timing to
an advance side until the opening degree of the JACV
reaches the idling target opening degree.

11. The engine ignition control apparatus according to
claim 10, wherein the period until the opening degree of the
TIACV reaches the idling target opening degree after reaching
the full opening degree includes: a period during which the
ignition timing correction value is restored to an initial value
by changing the ignition timing correction value to the
advance side by a predetermined amount in a stepwise man-
ner after the period during which the ignition timing is cor-
rected to the advance side in accordance with the difference
between the opening degrees.

12. The engine ignition control apparatus according to
claim 10, wherein the normal ignition timing is determined on
the basis of an engine speed, an intake negative pressure value
and an engine coolant temperature.

13. The engine ignition control apparatus according to
claim 10, wherein the opening degree of the IACV is deter-
mined by the number of steps supplied to a stepper motor
configured to drive an IACV body.
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